Background: Head computed tomography (CT) scans, which provide reliable information to assessor rule out neurological abnormalities and injuries, should be used judiciously to minimize radiation exposure and cost. Objective: The aim of this study was to evaluate the widely used Canadian CT Head Rule (CCHR) to determine the necessity of head CT scans in patients with minor head trauma. Methods: This retrospective study included 913 patients with head trauma who were admitted to Harakani State Hospital between June 2014 and December 2017. The patient data were reevaluated according to CCHR and compared with the radiological findings. Results: There were a total of 556 patients fulfilling the inclusion criteria with a male/female ratio of 2.95 and a mean age of 37 ± 4.24 years. The most common injury mechanism of head trauma was motor vehicle accidents. Chi square tests were applied for statistical calculations. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of the CCHR were 93%, 88%, 88%, 94%, and 90%, respectively. Conclusion: CCHR was highly useful for patients with minor head trauma who could benefit from head CT evaluation with high sensitivity and specificity.
Introduction
Traumatic brain injury is one of the most common causes of emergency department visits. 1 Glasgow Coma Scale (GCS) is a widely used method for the classification of the neurological status of patients with trauma, majority of whom suffer from minor head injuries. 2 A patient with amnesia, disorientation, a history of loss of consciousness, and a GCS score of 13 to 15 is diagnosed as having "minor head injury". 3, 4 The high incidence rates of minor head injuries are significant not only due to their long-term neurological impact on patients but also because of the substantial economic burden they place on healthcare services and the society. 5, 6 Non-contrast head computed tomography (CT) has become the standard imaging method to detect brain injuries in patients with head traumas. 7 CT is a fast and highly sensitive technique for the detection of acute brain hemorrhages and skull fractures 1, 8 and costs less than magnetic resonance imaging. 1 Conversely, the cost and ionizing radiation exposure associated with head CT are the two most important disadvantages. 1, 2, 4, 5 The Canadian CT Head Rule (CCHR) is one of the most important criteria to determine the necessity of head CT in patients with minor head traumas. Clinicians in emergency departments need reliable criteria to avoid malpractice, minimize patient exposure to radiation, and avoid unnecessary healthcare expenses. Smits et al. found that the application of CCHR led to approximately $120 million in cost savings, a substantial amount, in the United States. 5 The objective of this study was to analyze CCHR to identify patients who could benefit the most from CT from those with minor head traumas. Additionally, we examined the relationship between radiological findings and GCS scores to elucidate the mechanisms of minor head traumas.
Methods

CCHR
In this study, we aimed to investigate the utility of CCHR developed by Stiell et al. in determining the necessity for head CT scans for minor head traumas. CCHR defines patients with minor head injuries as those with a history of amnesia, loss of consciousness or disorientation, and a GCS
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score between 13 and 15. CCHR suggests head CT in patients with minor head traumas who fulfill one of the following criteria: (1) patients with a GCS score of <15 at two h after injury, (2) patients with a suspected open or depressed skull fracture, (3) patients with any sign of a basal skull fracture (hemotympanum, raccoon eyes, otorrhea or rhinorrhea, and Battle's sign), (4) patients with two or more episodes of vomiting, (5) patients aged more than 65 years, (6) persistent retrograde amnesia of greater than 30 min, or (7) patients with a dangerous injury mechanism. Patients with a dangerous mechanism included those struck by a vehicle, occupants ejected from a motor vehicle, and those who fell from an elevation of more than three feet or five steps. Patients fulfilling the first five parameters are grouped as high risk and those fulfilling the last two parameters are classified as medium risk for minor head trauma. In addition, this rule is not applicable if the patient is not a trauma case, GCS score is lower than 13, patient is younger than 16 years of age, the patient is using coumadin or has a bleeding disorder, or the patient has an open skull fracture.
4
Patients
The medical records of 913 patients with head traumas, who were admitted to Harakani State Hospital from June 2014 to December 2017, were assessed according to CCHR. Of these, 98 patients with major head traumas, 185 patients who were 16 years of age or younger, 45 patients fulfilling the exclusion criteria for CCHR, and 29 patients with missing data were excluded from the study; consequently, 556 patients (age, 37 ± 4.24 years) with sufficient data for evaluation according to CCHR were included into the study. This study was approved by the institutional ethics committee, which waived informed consent owing to the retrospective study design.
Interpretation of patient data
All head CT scans were performed based on the combined decision reached by at least one general practitioner and one emergency specialist in the emergency department. To elucidate the approach of each clinician and their tendency to use CCHR, the patients were grouped into those who did and did not undergo head CT scans. The patients were also grouped into those who needed and did not need a head CT according to CCHR (Table 1 ) and according to the risk level by CCHR (high risk, Table 2 ; medium risk, Table 3 ). The study parameters between the two classifications were compared. The patient distribution based on CCHR is presented in Figure 1 . The diagnostic power of CCHR was investigated by comparing the CCHR criteria with positive findings obtained by the head CT scans. Radiology reports of CT scans of the patients were used as the gold standard to determine whether CCHR was successful in predicting positive CT findings. The diagnostic power of CCHR was assessed using all the positive criteria of the CCHR and specific positive CT findings. Stiell et al. included calvarial fractures as a bone fracture finding of CCHR. The first approach included assessing facial bone and calvarial bone fractures and brain parenchymal and extraparenchymal findings, whereas the second approach was identical to that used by Stiell et al. and excluded facial bone fractures. The third approach included only the parenchymal and extraparenchymal findings. The diagnostic utility of these subclassifications were analyzed according to sex and specific GCS scores. The distribution of patients according to specific GCS scores is presented in Table 4 . Positive CT findings included subdural hematoma, epidural hematoma, parenchymal contusion of the brain, calvarial fracture, (5) intraventricular hemorrhage, subarachnoid hemorrhage, cerebral edema, pneumocephaly, facial fracture, hemorrhage in paranasal sinuses, and axonal injury ( Figure 2 ). The patients were also grouped according to the injury mechanism as follows: (1) driver (ejected from the vehicle or head crushed) in a 4-wheel motor vehicle, (2) occupant (ejected from the vehicle or head-crushed) in a 4-wheel vehicle, (3) pedestrian stuck by a 4-wheel motor vehicle, (4) driver falling or ejected from a 2-or 3-wheel motor vehicle, (5) occupant falling or ejected from a 2-or 3-wheel vehicle, (6) pedestrian stuck by a 2-or 3-wheel motor vehicle, (7) fall accident, (8) assault by fist, (9) assault by a hard object, (10) hard object fallen onto head, (11) head crashed onto a hard object, (12) animal attack onto head, (13) gunshot (which does not directly penetrate the brain parenchyma), and (14) assault by sudden push or shake. All of the patients who were pedestrians struck by a 2-or 3-wheel motor vehicle were determined to have major head traumas, therefore there was no patient minor head trauma to be shown in the graphics and tables related with this injury mechanism (Table 5 ).
The distribution of the injury mechanisms according to the need for head CT was determined based on CCHR ( Figure  3 ), the high-risk and medium-risk criteria of CCHR ( Figure  4 ), and GCS scores ( Figure 5 ).
Statistical analysis
All statistical analyses were performed using the MedCalc software (Acacialaan, Ostend, Belgium). The diagnostic power of CCHR was calculated by the chi-square test. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy of CCHR were calculated using the radiology reports of CTs as the gold standard. Data distribution of the patients according to specific CT findings and injury mechanisms were presented as bar graphs, and differences among the injury mechanisms were examined using the chi-square test. A p value of <0.05 was considered statistically significant for all analyses.
Results
In total, 556 patients who fulfilled the eligibility criteria were included in the study. Among these, head CT scans were obtained in 312 patients. According to CCHR, 374 of the study patients did not require head CT scans, and 160 of these patients underwent unnecessary CT scans (Table 1 ). Figure 1 shows the distribution of patients according to the specific CCHR criteria. When solely the high-risk and medium-risk criteria were accepted in CCHR, 111 and 71 patients required head CT scans, respectively (Tables 2 and  3 , respectively). When facial fractures were included as a positive head CT criterion, the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy of CCHR were 92%, 91%, 90%, 92% and 91% The distribution of CCHR criteria respectively. When the positive head CT criteria included calvarial fractures and brain parenchymal and extraparenchymal findings, the sensitivity, specificity, PPV, NPV and accuracy of CCHR were 93%, 88%, 88%, 94% and 90% respectively. When bone fractures were excluded from the positive CT findings and only brain parenchymal and extra parenchymal CT findings were taken into account, the sensitivity, specificity, PPV, NPV and accuracy of CCHR were 94%, 86%, 84%, 86% and 97% respectively. Analysis of the diagnostic utility of CCHR according to sex revealed that the sensitivity and specificity were 94% and 87%, respectively, in males (who had undergone head CT, n=233) and 92% and 90%, respectively, in females (who had examined with head CT, n=79)
When the utility of CCHR was investigated in patients categorized according to their GCS scores (Table 4) , the sensitivity of CCHR was better for patients with a GCS score of 14 and that specificity was higher for patients with a GCS score of 15. The sensitivity, specificity, PPV, NPV and accuracy of CCHR were 81%, 91%, 67%, 96% and 90% respectively for patients with GCS score of 15. For the patients with GCS score of 14, the sensitivity, specificity, PPV, NPV and accuracy values of CCHR were 98%, 50%, 93%, 83% and 92% respectively. The sensitivity, specificity, PPV, NPV and accuracy of CCHR were 94%, 66%, 97%, 50% and 92% respectively for patients with GCS score of 13.
The distribution of patients with specific head CT findings, including those with more than one CT finding, is presented in Figure 2 . Occupants in 4-wheel vehicle accidents constituted the majority of patients with minor head traumas who did not require head CT scans according to CCHR; falling accidents were the most common injury mechanism among patients who required head CTs based on CCHR (Figure 3 ). When the patients were categorized into three groups as those not requiring a head CT, those with at least one highrisk CCHR criterion, and those with at least one mediumrisk CCHR criterion and no high-risk CCHR criterion, there was a significant difference in the injury mechanisms among the three groups (p < 0.0001; Table 5 , Figure 4 ). The distribution of the injury mechanisms was also significantly different among patients with different GCS scores (p = 0.011). Majority of the patients with a GCS score of 15 were occupants in a 4-wheel vehicle, and falling accidents constituted the most frequent injury mechanism in patients with GCS scores of 13 and 14 ( Figure 5 ). *Patients with at least one high-risk CCHR criterion #Patients with at least one medium-risk CCHR criterion and had no high-risk CCHR criteria CCHR, Canadian CT Head Rule; CT, computed tomography The CT findings in patients who underwent head CT, although they did not require one according to CCHR, included subdural hematoma, epidural hematoma, calvarial fractures, cerebral edema, and facial fractures. In this group, subdural hematoma was the most common finding and subarachnoid hemorrhage and cerebral edema were the most common combination of CT findings in the same patient.
Discussion
The findings of the current study underline the high sensitivity and specificity of CCHR in proper detection of patients with minor head trauma for CT evaluation. The detailed analyses indicate that CCHR was highly accurate for both sexes and remained highly sensitive and specific for different injury mechanisms and GCS scores in patients with minor head traumas. Head CT plays a very important role in many acute diseases. It has been known that in acute ischemic stroke, neuronal damage and necrosis progresses slowly. 8 CT might not always be effective in hyperacute stage of stroke but it is still a very useful tool to detect ischemia of brain tissue. In addition, head CT is a very important diagnostic tool that aids in the rapid diagnosis of neurotraumas and is relatively inexpensive in comparison with magnetic resonance imaging. 1 Brain parenchyma as well as bone lesions and fractures can be assessed with head CT. 9 However, head CT has several disadvantages including radiation exposure and increased economic burden associated with unnecessary CT evaluations. 1, 2, 4, 5, 10 Therefore, albeit the necessity of CT for major brain trauma cases, criteria for its requirement in minor head traumas remain unclear. While any serious injuries that might affect the patient's quality of life after the trauma, overuse of head CTs, and excessive radiation exposure should be avoided, clear guidelines and methods to be implemented in the emergency department are necessary. The New Orleans criteria (NOC) by Haydel et al. is applicable only to patients with a GCS score of 15, and patients with any of the following are recommended to undergo a head CT scan: headache, vomiting, age above 60 years, drug or alcohol intoxication, persistent anterograde amnesia (i.e., deficits in short-term memory), visible trauma above the clavicle, and seizure. 11 This study focused on CCHR, 4 which can be used for minor head trauma in patients with GCS scores between 13 and 15, and evaluated its diagnostic power to determine patients with minor head trauma who should be evaluated with head CT. Mata-Mbemba et al. compared CCHR and NOC in 142 patients to identify important CT findings among patients with GCS scores from 13 to 15 and found that CCHR had lower sensitivity, higher specificity, and higher accuracy than NOC (sensitivity, 89.8% vs. 97.9%; specificity, 24.7% vs. 9.7%; and accuracy, 47.2% vs. 40.1%). 12 In this study, the overall performance of CCHR was superior to that of NOC in patients with minor head trauma. A study by Kavalci et al. comparing CCHR and NOC reported that the sensitivity, specificity, PPV and NPV of CCHR were 100%, 0%, 42%, and 100%, respectively, in patients with a GCS score of 13. They also showed that CCHR sensitivity and specificity in patients with GCS scores of 14 and 15 were 78.5% and 42.8%, respectively, and that NOC sensitivity and specificity were 85.7% and 0.7%, respectively, in the same patient group. PPV and NPV were higher for CCHR than NOC (11.1% vs. 0.7% and 95.6% vs. 84.6%, respectively in the same patient population). 13 In the current study, the sensitivity, specificity, PPV, NPV, and the accuracy values of CCHR (93%, 88%, 88%, 94%, and 90%, respectively) were higher than those reported in the literature. Klang et al. used CCHR to investigate the overuse of head CT scans for minor head trauma and included facial fractures as a positive CT finding, which was similar to our approach. They found that the sensitivity and NPV of the modified CCHR were both 100% for detecting brain hemorrhages, skull fractures, and face fractures. 6 The current study revealed that the sensitivity, specificity, PPV, and NPV were 92%, 91%, 90%, and 92% for patients with the modified CCHR, including facial fractures. In the current study, motor vehicle accidents were more common compared with falling accidents, in agreement with majority of the literature, which reported motor vehicle accidents as the most common mechanism of head trauma. 14, 15 Whereas falling accidents were reported as the most common cause of head trauma by some other studies. 16 Moreover, similar to previous studies, head trauma was more frequent in males than in females in the current study. [14] [15] [16] Some of the proposed underlying factors to contribute to this finding are violence, a more active city social life, working in more dangerous jobs, and higher rate of male drivers. 13 The present study has several limitations that should be discussed. First, the accuracy of CCHR was assessed using the radiology reports of head CT scans as the gold standard. Although CT is highly effective in head traumas, neurological follow-ups and results of the patients were not included while assessing the sensitivity and specificity and only radiological results were included in the accuracy assessment. Additionally, CT might lead to overestimation, affecting the results of the study. Second, this was a singlecenter study, including one emergency department, and might not reflect the entire population owing to the fact that the characteristics of the local population and the patients, distribution of the injury mechanisms, study area, and internal hospital protocols may vary. Third, although injury mechanisms were grouped for careful evaluation and elucidation of the background of minor head injuries, this grouping might not reflect the exact mechanisms of trauma. For example, the group including occupants in 4-wheel motor vehicles as patients might also include passengers who experienced a head crush injury or were ejected from the vehicle. These trauma groups may not be informative enough to elucidate the magnitude of traumatic stress and the crushing mechanism, which may be related with other factors such the crushing force, the material impacting the skull, and the angle of the force applied to the head. These limitations should be considered carefully before generalizing the results of the current study.
Conclusion
In conclusion, CCHR was useful for proper selection of minor head trauma patients for evaluation by head CT scans in this retrospective study; however, the current findings indicate that CCHR might not be utilized well in determining patients who should be evaluated by head CT, an important outcome that should be considered by emergency department clinicians.
